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Method and Apparatus for Wafer Scale Testing 


This non-provisional patent application is a continuation of co-pending 
Application No. 10/176,571, filed 21 June 2002, which claimed the benefit of 
10 earlier filed provisional application 60/300,318, filed 21 June 2001 . 


BACKGROUND OF THE INVENTION 


Field of the Invention 

1 5 The present invention relates generally to the field of semiconductor 

manufacturing and more particularly to methods and apparatus for providing 
wafer scale electrical connections that are particularly useful for testing 
operations. 


20 Background Information Advances in semiconductor manufacturing 

processes have resulted in the production of integrated circuits having many 
millions of transistors as well as other active and passive components. In 
order to provide for the increased Input/Output (I/O) requirements of such 
large integrated circuits, the number of I/O pads, or terminals, has increased, 

25 while the physical size and the spacing between them (i.e., the pitch) has 
decreased. As is well-known in this field, many integrated circuits are 
fabricated at the same time on a substrate which is often referred to as a 
wafer. These wafers are typically, but not always, formed from a material 
such as crystalline silicon. The integrated circuits are also referred to in the 

30 industry as die, or dice (plural). 
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Before integrated circuits are provided to customers, and typically 
before the integrated circuits are packaged, a variety of electrical and 
functional tests are performed. In order to perform such tests electrical 
connection must be made with the integrated circuits. Traditionally, such 
electrical connection is made with the aid of a device referred to as a probe 
card. The probe tips of the probe card physically contact with the I/O pads of 
the integrated circuit and provide an electrical pathway between the 
integrated circuit and various pieces of test equipment which are used to drive 
the integrated circuit and measure its responses. 

What is needed are methods and apparatus for providing cost-effective 
and reliable means for contacting a large number of I/O pads simultaneously 
while the integrated circuits are still in wafer form. 

SUMMARY OF THE INVENTION 

Briefly, methods and apparatus are provided in accordance with the 
present invention in which the I/O pads of one or more integrated circuits, still 
in wafer form, are electrically connected to one or more pieces of electrical 
equipment. 

In one embodiment of the present invention, a translator plate is 
interposed between a wafer and a tester. The translator plate includes a 
substrate having two major opposing surfaces, each surface having electrical 
terminals disposed thereon, and electrical pathways disposed through the 
substrate so as to provide for electrically continuity between at least one 
electrical terminal on a first surface and at least one electrical terminal on the 
second surface. The translator plate, when interposed between the wafer 
and the tester, makes electrical contact with one or more I/O pads of a 
plurality of integrated circuits on the wafer and provides an electrical pathway 
therethrough. 
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In a further aspect of the present invention an anisotropic conductor is 
disposed between the wafer and the space translator. 

In a still further aspect of the present invention, a vibratory mechanism, 
oriented to provide substantially horizontal vibratory motion to the wafer, is 
coupled to the wafer during the process of disposing the translator plate and 
anisotropic conductor over the wafer. In this manner, more reliable electrical 
connection to the I/O pads is obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described by way of exemplary 
embodiments, illustrated in the accompanying drawings in which like 
references denote similar elements. 

Fig. 1 is an exploded cross-sectional view of a translator plate, an 
anisotropic conductor, a wafer, a wafer aligner, and a wafer bed. 

Fig. 2 is a cross-sectional view of a wafer aligner supporting a wafer 
and an anisotropic conductor disposed thereon, a translator plate being 
moved into position over the anisotropic conductor, and a wafer bed. 

Figure 3 is a cross-sectional view of a wafer with an anisotropic 
conductor and a translator plate superjacent thereto, a wafer bed subjacent 
the wafer, a clamping ring just prior to engagement with the translator plate 
and wafer bed, and a sealing ring. 

Figure 4 is a cross-sectional view of a wafer with an anisotropic 
conductor and a translator plate superjacent thereto, a wafer bed subjacent 
the wafer, a clamping ring engaged with the translator plate and wafer bed, 
and a sealing ring around the clamping ring. 
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DETAILED DESCRIPTION 

In the following description, various aspects of the present invention 
will be described. However, it will be apparent to those skilled in the art that 
the present invention may be practiced with only some or all aspects of the 
present invention. For purposes of explanation, specific numbers, materials 
and configurations are set forth in order to provide a thorough understanding 
of the present invention. However, it will also be apparent to one skilled in the 
art that the present invention may be practiced without the specific details. In 
other instances, well-known features are omitted or simplified in order not to 
obscure the present invention. 

Reference herein to "one embodiment", "an embodiment", or similar 
formulations, means that a particular feature, structure, or characteristic 
described in connection with the embodiment, is included in at least one 
embodiment of the present invention. Thus, the appearances of such 
phrases or formulations herein are not necessarily all referring to the same 
embodiment. Furthermore, various particular features, structures, or 
characteristics may be combined in any suitable manner in one or more 
embodiments. 

The semiconductor industry has, for some time, wanted to do more, 
and better testing at the wafer level, that is, before the wafer is cut up into 
individual chips. The industry also desires to do more and better wafer level 
speed grading, burn-in, characterization and fabrication process feedback. 
For convenience, all of these processes will be referred to herein as testing 
because it is generally understood in the industry that electrical testing, speed 
grading, burn-in, characterization, and so on, are functions typically handled 
by the testing organizations of the manufacturers. 

Wafer level test requires probing the pads of a die before the wafer is 
sawed into individual dice (sometimes referred to as being singulated). 
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Another trend and desire in the industry is to accomplish additional 
wafer level testing in a more parallel fashion such that the pads of more than 
one integrated circuit are probed during one touchdown (i.e., probe contact). 
In the context of wafer level testing described herein, integrated circuit refers 
to an unsingulated die. The motivation for probing more than one integrated 
circuit at a time is the large cost associated with the testing of integrated 
circuits. For example, when integrated circuits on a wafer are probed one at 
a time, depending on die count and length of test, the wafer can take an hour 
or more to complete. During such testing, the wafer is connected to a wafer 
prober that may cost hundreds of thousands of dollars, which in turn is 
connected to a tester that may cost millions of dollars, and which is typically 
manned by a staff member that of course adds additional cost. This all takes 
place in an expensive facility. The wafer prober, conditioned power supply 
rack, tester (including head, lift, cabinets and cables) occupy many square 
feet. Additionally, such equipment consumes substantial amounts of power. 

Wafer probers use "probe cards" to touch down on the pads of an 
integrated circuit. These wafer probers come in a variety of form factors and 
technologies. Presently, there are about fourty probe card companies around 
the world. Probe cards may cost from $1 ,000 to over $1 00,000. Some 
suppliers require a minimum purchase. Five probe cards plus a spare is the 
minimum purchase in one case, and if the probe card cost is $100,000 each, 
then a $600,000 minimum order is required. 

Probe cards have from a few (e.g., 4 or 8) probes to over 3,000 in rare 
cases. However, there is a growing segment that requires around 1 ,024 
probes. The greater the number of probe pins, the more difficult it is to build 
such a probe card correctly. Probe cards wear out and therefore are 
considered a consumable. They often lose alignment or suffer other physical 
failures such as planarity degradation of probe tips past the point of 
correction. Probe cards are typically 100% custom for each wafer/die type. 
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Some integrated circuits have 28 pads that must be probed and while others 
may have hundreds or thousands of pads. Since pad layouts on integrated 
circuits vary for each particular integrated circuit design, a first die having 28 
pads on an 8" wafer will typically have a very different probe card design than 
a second 28 pad die also on an 8" wafer. 

Probe cards must be built for the particular tester/wafer prober 
combination they are to be used with. Semiconductor testers come in many 
types, brands and models. Further, some testing is accomplished with 
custom test equipment (sometimes referred to as "rack and stack") and lacks 
the standards associated with brands and models. Probe card companies 
maintain large libraries of "foot prints" and databases of these "standards" for 
use in designing and fabricating cards. 

Virtually all probe cards require maintenance during use. In most 
cases it is cleaning of the tiny probe tips that contact the pads on the wafers. 
The probe tips may oxidize, or accumulate particles, both of which cause 
problems during use in probing. The cleaning of the probe tips requires 
production testing to be interrupted. Additionally, equipment and skill are also 
required for cleaning of the probe tips. Probe cards are often discussed in 
terms of how many "touch downs" are typical between cleaning. Often it can 
be as few as 50,000 and as many as 1 ,000,000 touch downs between 
cleaning. The probe card usually is not removed for cleaning. 

Probe cards from time to time require realignment, planarization or 
repairs. The card must be removed from the test setup for most of these 
actions further interrupting production test. Rapidly changing factors within 
the semiconductor industry further aggravate this already complex and 
difficult reality. Some of these factors are: 

Pads on die are shrinking from once standard 0.004" square to as 
small as 0.002" square. Pad pitch is shrinking from a once minimum of 
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0.004" pad and 0.004" space or a pitch of 0.008" to 0.0025" pad and 0.002" 
space for a pitch of 0.0045". Average pad count per die is moving up very 
rapidly to hundreds. Edges on wave forms are getting very short, measured 
in picoseconds instead of nanoseconds. Clock rates for I/O cells on the die 
reach the gigahertz range in CMOS. Signal paths on probe card boards must 
now have very well matched impedance in every element and transition with 
a target +/- 5%. Signal paths must exhibit very low loss to maintain tester 
bandwidth. Probes must be very short to reduce parasitic inductances and 
capacitances. Probe tips should do minimal damage to chip pads. Some 
chips must be probed more than once in the course of testing and sorting so 
each touch down should do minimal damage to avoid later difficulty with wire 
bonding to these pads. High probe counts requiring several ounces per 
probe tip can be, for example, 1 ,024 pins at 3 ounces each is almost 200 
pounds. In systems attempting to probe 25,000 chip pads at the wafer level, 
this results in 25,000 die pads at 24 grams each produces almost 1 ,400 
pounds of force, and 80,000 pads equals about 4,300 pounds of force. 
Product development cycles are shrinking from a year to a few months. Pad 
positions and pad identities on the new die are frozen for tape-out as little as 
3 weeks before wafers are back from a wafer fabrication facility for technical 
evaluation. Probe cards must be ready for use at the end of that third week 
or the developers experience delay while waiting for the arrival of the probe 
card. In probe cards that touch down on several die at once, mechanical 
alignment must be held to 0.001" across several inches rather than the 
dimensions of a single die. For example, if the individual die are 0.5" by 0.7" 
or 0.35 square inches the probe card must have the required accuracy only 
within that bounded area. If 30 die are to be probed at once the die array is 6 
across by 5 deep. Dimensions are 3" x 3.5" or 10.5 square inches. This is a 
very large area to maintain +/- 0.001". Large probe cards are very hard to 
build, maintain, repair and clean. 
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Probe cards often contain errors connecting the wrong probe tip to a 
given tester pin. These errors can stem from faulty card layout or incorrect 
data. If the probe cards must be re-done the cost can be prohibitive. 
Moreover, such probe card errors can cause serious schedule problems and 
may be responsible for adding several weeks to the time frame for product 
introduction. This is particularly true in view of the fact that complex probe 
cards can take 12 to 14 weeks to obtain. 

Probe cards are, on the whole, not produced by tester companies, 
wafer prober companies, semiconductor companies, or fabless 
semiconductor companies. They come from fiercely competing probe card 
companies and often include have proprietary technology. No standards that 
would shorten design, layout and fabrication can emerge in this market place. 

At least two probe card supply companies have proven that it is 
possible to build probe cards with 20,000 probes. It is believed that it is 
possible to build probe cards with even higher numbers of probes. 
Unfortunately, what has proved difficult, if not impossible, is making such 
probe cards at low cost and with short lead-times. 

Fan-out from the probes to the tester DUT board is a serious problem 
even at the 1 ,024 probe level. Probe card companies with excellent probes 
cannot fan-out from the tight probe pitches to the tester DUT board. 

"Space transformer" is another term for fan-out. These limit the 
success of probe cards as well. Space transformers must be custom made 
for every probe card and transform the chip pad/probe tip pattern to some 
larger pitch, preferably regular, larger pad pattern. These are very difficult to 
rapidly build at a practical cost in the 1,024 pad level. 
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5 Briefly, methods and apparatus are provided in accordance with 

the present invention in which the I/O pads of one or more integrated circuits, 
still in wafer form, are electrically connected to one or more pieces of 
electrical equipment. 

In one embodiment of the present invention, a space translator is 
10 interposed between a wafer and a tester. The space translator includes a 
substrate having two major opposing surfaces, each surface having electrical 
terminals disposed thereon, and electrical pathways disposed through the 
substrate so as to provide for electrically continuity between at least one 
electrical terminal on a first surface and at least one electrical terminal on the 
15 second surface. The space translator, when interposed between the wafer 
and the tester, makes electrical contact with one or more I/O pads of a 
plurality of integrated circuits on the wafer and provides an electrical pathway 
therethrough. 

In a further aspect of the present invention an anisotropic conductor is 
20 disposed between the wafer and the space translator. 

In a still further aspect of the present invention, a vibratory mechanism, 
oriented to provide substantially horizontal vibratory motion to the wafer, is 
coupled to the wafer during the process of disposing the space translator and 
anisotropic conductor over the wafer. In this manner, more reliable electrical 
25 connection to the I/O pads is obtained. 

Referring to Fig. 1 , an exploded cross-sectional view of a translator 
plate, an anisotropic conductor, a wafer, a wafer aligner, and a wafer bed in 
accordance with the present invention is shown. More particularly, a 
translator plate 102 has electrical pathways 105 extending therethrough from 
30 a top surface to a bottom surface. Electrical pathways 105 connect with 
electrical terminals 106, which form a pattern consistent with the I/O pad 
layout on the integrated circuits (i.e., dice) on wafer 110. Electrical pathways 
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105 also connect with electrical terminals 104 which may be of a different 
pitch and layout than electrical terminals 106. Typically electrical terminals 
104 are laid out in an arrangement and pitch so as to easily mate with one or 
more pieces of test equipment. Anisotropic conductor 108 provides electrical 
conduction in the z-axis, that is, in the direction from wafer 110 to translator 
plate 102, without any significant conduction laterally. In this way, the various 
integrated circuits on wafer 110 are not shorted out even though electrical 
conduction takes place between translator plate 102 and wafer 110. 
Anisotropic conductor 108 is slightly compressible and therefore acts to 
compensate for non-planarities in wafer 110 and/or translator plate 102. 
Anisotropic conductor 108 is held substantially planar by means of frame 109. 
Wafer aligner 118 is used to align wafer 110 with translator plate 102. Wafer 
bed 112 may also be referred to as a chuck. Such a wafer bed may or may 
not include vacuum to hold the wafer. Wafer bed 112, may be supplied with 
heating elements 116 for controlling the temperature of individual die during 
testing. Heating elements 116 are typically of the resistive type. Electrical 
pathways 114, which are disposed through wafer bed 112, provide power to 
resistive heating elements 116. Wafer bed 112 is provided with isolation 
grooves 120 in order to reduce thermal conduction between adjacent die. A 
piezo-electric vibratory mechanism 117 is coupled to wafer aligner 118. 
Vibratory mechanism 117 provides substantially horizontally oriented 
mechanical vibration during the process of disposing anisotropic conductor 
108 and translator plate 102 over wafer 110. This vibratory motion aids in 
making good electrical connection by, among other things, helping to remove, 
or break through oxidation build-up on the I/O pads. For example, aluminum 
I/O pads tend to form aluminum oxide layers thereon when exposed to the 
atmosphere, which may interfere with the desired electrical connectivity to the 
I/O pads. It should be noted that both translator plate 102 and wafer bed 112 
are equipped with clamping tabs 122 and 124 respectively. Clamping tabs 
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122 and 124 have inclined surfaces 123 and 125 respectively as shown in 
Fig. 1. 

Translator plate 102 may be made from a material such as silicon 
carbide, however any suitable material that provides for electrical insulation, 
and adequate mechanical strength may be used. Some embodiments of the 
present invention may provide for a translator plate having a slightly convex 
shape to provide for greater mechanical stability across its diameter. 

Fig. 2 is a cross-sectional view of wafer aligner 118 supporting wafer 
110 and anisotropic conductor 108 disposed thereon, translator plate 102 
being moved into position over anisotropic conductor 108, and wafer bed 112. 
As is shown in the figure, downward forces 202 are applied so that electrical 
contact is made with the desired low amount of contact resistance. 

Fig. 3 is a cross-sectional view of wafer 110 with anisotropic conductor 
108 and translator plate 102 superjacent thereto, wafer bed 112 subjacent 
wafer 110, a clamping ring 304 just prior to engagement with translator plate 
102 and wafer bed 112, and a sealing ring 306. As can been seen in the 
figure, downward force is still applied to translator plate 102 while clamping 
ring 304 engages with translator plate 102 and wafer bed 112. Inclined 
surfaces 123 and 125 of clamping tabs 122 and 124 respectively, engage 
with clamping ring 304 so as to provide an effective means of maintaining the 
alignment and connection between the various elements shown. Sealing ring 
306 engages with a slot, or groove, along the outer circumference of clamping 
ring 304. 

Fig. 4 is a cross-sectional view of wafer 110, anisotropic conductor 108 
and its frame 109, translator plate 102 superjacent thereto, wafer bed 112 
subjacent wafer 110, clamping ring 304 engaged with translator plate 102 and 
wafer bed 112, and sealing ring 306 fully engaged around clamping ring 304. 
Either clamping ring 304 or sealing ring 306 may be provided with an RF ID 
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tag or other suitable means for supporting, or facilitating, inventory control 
and manufacturing process flow. 


Conclusion 

Thus, it can be seen from the above descriptions that methods and 
1 0 apparatus for wafer scale electrical connection and testing have been 
described. 

While the present invention has been described in terms of the above- 
described embodiments, those skilled in the art will recognize that the 
invention is not limited to the embodiments described. The present invention 
15 can be practiced with modification and alteration within the spirit and scope of 
the subjoined claims. 
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